Abstract. The present study aimed to evaluate the efficacy and safety of combined immunosuppressive therapy (IST) plus umbilical cord blood infusion (UCBI) in severe aplastic anemia (SAA) patients. A total of 68 patients with SAA were enrolled in the current prospective cohort study and divided into the IST (n=35; positive control) and IST+UCBI (n=33; experimental) groups according to the treatment conditions. Patients in the IST group were treated with rabbit antithymocyte globulin (r-ATG) at a dose of 2.5 mg/kg through intravenous infusion once a day for five days. This was combined with oral cyclosporine A (CsA) at a dose of 3-5 mg/kg twice a day for 2 years. Patients in the IST+UBCI group were treated with r-ATG and CsA at the same doses and frequencies as the IST group plus one UCBI 1 day after the final treatment with r-ATG. At 6 months post treatment, the complete response and overall response rate (ORR) of the IST+UCBI group were markedly higher compared with those in the IST group. Furthermore, patients in the IST+UCBI group achieved absolute neutrophil count (ANC) and platelet count responses more rapidly as compared with the IST group. However, no difference in the hemoglobin (Hb) response was identified between the two groups. In addition, SAA patients achieved responses in the ANC and platelet count more rapidly in comparison with very severe aplastic anemia (VSAA) patients, while the number of days to Hb responses were similar in the SAA and VSAA patients. Multivariate logistic regression analysis also revealed that IST+UCBI treatment was an independent predicting factor for patients achieving complete response or partial response, whereas VSAA was an independent predictor of a worse ORR. Platelet and reticulocyte were also independent predicting factors. Finally, the survival of patients was similar between the groups, and no difference in the safety of the treatment was observed. In conclusion, combined IST plus UCBI treatment may be applied as an effective and safe therapy for SAA patients.
Introduction
Aplastic anemia (AA) is a complex hematologic disease, during which the hematopoietic progenitor and stem cells (HSPCs) are reduced due to attack by autoreactive cytotoxic T cells, which eventually leads to pancytopenia (1) . Severe AA (SAA) is an aggressive type of AA that remains problematic due to its poor prognosis. Generally, patients can be treated with hematopoietic stem-cell transplantation (HSCT); however, allogeneic human leukocyte antigen (HLA)-matched sibling donors are rare for the majority of patients (2) . Many previous studies have focused on identifying the methods of pathogenesis associated with disoriented immune function, including type 1 cytotoxic T cell (Tc1) dysfunction, which is the immune disorder associated with the etiology of AA (3) (4) (5) (6) (7) . The disorented function of cytotoxic T cells in patients with AA may result in the HSPCs being targeted by cytotoxic T cells, consequently the HSPCs will be largely diminished. Thus, due to the good efficacy observed by earlier studies, immunosuppressive therapy (IST) is considered as the main conditioning regimen in clinical practice for patients lack sibling donors or not suitable for HSCT (8, 9) . Although a good therapeutic response to IST that involves a combination of antithymocyte globulin (ATG) and cyclosporine A (CsA) has been observed in AA and SAA patients, the appearance of refractory and relapse SAA remains relatively frequent, indicating a need for an improved treatment strategy (1,10-13).
Efficacy and safety of combined immunosuppressive therapy plus umbilical cord blood infusion in severe aplastic anemia patients: A cohort study
Umbilical cord blood infusion (UCBI) is becoming increasingly popular in the treatment of autoimmune disease, such as type 1 diabetes (14) (15) (16) . During UCBI treatment, the potential curative effect of UCB partially results from the presence of immature unprimed highly-functional T cells, which are able to inhibit the inflammatory cytokines in immune disorders (17, 18) . UCB also contains hematopoietic cells, the expansion of which restores the peripheral blood cells to a certain extent (19) . Furthermore, a previous study observed a good survival rate of SAA patients treated with unrelated UCB transplantation, with a median survival of 750 days (20) . However, combination therapy of IST plus UCBI in SAA patients has not been well investigated or applied in clinical practice to date.
Thus, the aim of the present study was to evaluate the efficacy and safety of combined IST plus UCBI in the treatment of SAA patients.
Materials and methods
Study participants. In total, 68 patients diagnosed with SAA at the Department of Hematology in Tongji Hospital (Shanghai, China) were enrolled in the present prospective cohort study between March 2009 and February 2012. The inclusion criteria were as follows: i) Age, > 2 years; ii) weight, >12 kg; iii) diagnosis of SAA according to the Camitta criteria (21, 22) , which was defined as a bone marrow cellularity of <30% (excluding lymphocytes) and at least two of the following factors: Absolute neutrophil count (ANC) of <0.5x10 9 cells/l, platelet count of <20x10 9 cells/l and absolute reticulocyte count of <20x10 9 cells/l. The exclusion criteria in the present study were the following: i) Diagnosis of Fanconi anemia (23) ; ii) patients with clinically evident congestive heart failure, serious cardiac arrhythmias, or symptoms of coronary artery disease; iii) pregnant or breastfeeding women; iv) patients with medical, psychological or social conditions that may interfere with their participation in the study; and v) positive human immunodeficiency virus (HIV) test. The current study was approved by the local Ethics Committee of Tongji Hospital and conducted according to the Declaration of Helsinki (24) . Written informed consent was obtained from all patients recruited to the present study.
Definitions. Very severe AA (VSAA) was defined as an ANC of <0.2x10 9 /l in patients diagnosed with SAA (25) . The overall response rate (ORR) was defined as the proportion of patients who achieved complete response (CR) and partial response (PR). An ANC response was defined as an ANC of >0.5x10 9 /l, a platelet response was categorized as a platelet count of >20x10 9 /l and a hemoglobin (Hb) response was defined as an Hb of >80 g/l.
Treatment. The treatments administered to patients were not disrupted their inclusion within the present study. All therapeutic strategies were conducted by qualified physicians according to clinical guidelines. Patients were divided into the IST (control group; 23 males, 12 females; aged 8-52 years) and the IST+UCBI (experimental group; 19 males, 14 females; aged 12-50 years) groups according to treatment they were administered. In the IST group, patients were treated with rabbit antithymocyte globulin (r-ATG; Genzyme Polyclonals S.A.S.; Sanofi Genzyme, Cambridge, MA, USA) at a dose of 2.5 mg/kg by intravenous infusion once a day for 5 days. This was combined with oral cyclosporine A (CsA; Huadong Medicine Co., Ltd., Hangzhou, China) at a dose of 3-5 mg/kg twice a day for a minimum of 2 years (maintaining the trough level at 150-250 µg/l). In the IST+UBCI group, patients were treated with r-ATG and CsA at the same doses and frequencies as patients in the IST group, plus UCBI, which was conducted only once on each patient 1 day after the final r-ATG treatment. All the UCB samples used in the present study were obtained from the Shanghai Cord Blood Bank (Shanghai, China). Tests were performed on the UCB by a qualified researcher to screen for hepatitis B virus, HIV, blood type and other routine tests prior to and following collection. UCB was subsequently transfused into the patients.
In addition to the IST and UCBI treatments, support therapy was provided to patients. To minimize the risk of infection, all patients slept in laminar flow beds prior to the initiation of combined IST. These beds enable air filtration, which reduces the prevalence of fungus and bacteria surrounding the patient. Prior to ATG treatment, 0.5-1.0 mg/kg promethazine was injected intramuscularly into the patients. During therapy glucocorticoids were used to prevent allergic reactions, and patients were carefully monitored to ensure that any cases of serum sickness were treated rapidly. Furthermore, condensed erythrocyte infusion was performed when the Hb level was <60 g/l, and platelet infusion was conducted on patients when the platelet count was <10x10 9 /l or >10x10 9 /l combined with the occurrence of bleeding or symptoms of high risk of intracranial hemorrhage. Additionally, patients were treated with granulocyte colony-stimulating factor (Beijing Four Rings Biopharmaceutical Co., Ltd., Beijing, China) when their ANC was <1.5x10 9 /l. Assessment. The efficacy of treatment in the current study was evaluated according to the International Camitta Criteria (21, 22) as follows: i) CR was defined as an ANC of >1.5x10 9 /l, Hb level >110 g/l and platelet count ≥150x10 9 /l; ii) PR was defined as an ANC of >0.5x10 9 /l, Hb of >80 g/l and platelet count >20x10 9 /l, with no transfusion dependence for platelets or red blood cells; iii) relapse was determined when the peripheral blood count decreased to a level of requiring transfusions or reinstitution of IST (or HSCT) (26) . CR, PR and relapse were assessed at 6 months post treatment. In addition, the peripheral hemogram, liver function, renal function and blood glucose of patients were evaluated. Furthermore, the degree of HLA match was tested using a serum assay prior to treatment with UCBI. In the serum assay the HLA-DR antigens-associated invariant chain (cat. no, AF3590; R&D Systems, Inc., Minneapolis, MN, USA) was used for the ELISA assay, which was performed at room temperature according to the manufacturer's protocol. Briefly, the HLA-DR antigen was diluted into solution with protein at a concentration of 1-10 µg/ml using a carbonate coating buffer, subsequently 0.1 ml of the solution was added into each well of the polyethylene plate, which was incubated overnight at 4˚C. The following day the plate was washed in pH 7.4, PBS 3 times (3 min each time). The samples were then diluted and added into each well (0 1 ml) and the plate was incubated for 1 h at 37˚C and then washed again with PBS as described above. The CD74 antibody (dilution 1-10 µm/ml; cat. no. orb396383; Biorbyt Ltd., Cambridge, UK) labeled with horseradish peroxidase was diluted with PBS containing 1.0% bull serum albumin (cat. no. 10099141; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 0.1 ml was added into each well and incubated for 0.5 to 1 h at 37˚C, followed by washing with PBS. Following this, 0.1 ml tetramethylbenzidine substrate solution was added to each well and incubated for 10-30 min at 37˚C. A total of 0.05 ml 2M sulfuric acid solution was added to terminate the reaction. The final results were read on a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA), and the optical density (OD) value was assessed under 450 nm following setting the machine to zero using the blank well. If the OD value was 1.2 fold different to the value of the blank well, the result was considered positive. The reference level was 2.5-7.5x10 9 /l for ANC and 100-300x10 9 /l for platelets. The reference levels of Hb for males and females were 120-160 g/l and 110-150 g/l, respectively. The concentration of CsA was monitored in order to readjust the dose as required. The overall survival (OS) of patients was recorded at 5 years after the initiation of the study. were determined by Student t-test, χ 2 test or Wilcoxon rank-sum test. Kaplan-Meier curve analysis and the log-rank test were performed to evaluate the response time and OS of patients between the groups. Logistic regression analysis was also conducted to assess the factors predicting the ORR. P<0.05 was considered to indicate a difference that was statistically significant. (Table I) . Additionally, 27 patients were categorized as SAA and 8 patients were diagnosed with VSAA in the IST group, while there were 24 SAA 9 cells/l at baseline in the IST group, whereas all the 28 patients (100.0%) with ANC<0.5x10 9 cell/l at baseline achieved an ANC response in the IST+UCBI group (P=0.096). As presented in Fig. 1A , patients achieved an ANC response more rapidly in the IST+UCBI group compared with the IST group (P<0.001).
Results

Baseline characteristics of patients in the IST and IST+UCBI groups. As listed in
Regarding the platelet concentration, 12 patients (60%) achieved a platelet response among the 20 patients in the IST group with a platelet count of <20x10 9 cells/l at baseline (Table III) . By contrast, among the 28 patients in the IST+UCBI group with a platelet count of <20x10 9 cells/l at baseline, 23 cases (82.1%) achieved a platelet response (P=0.089). The rate of patients achieving platelet response was significantly faster in the IST+UCBI group, as displayed in Fig. 1B .
In the IST group, 19 (67.8%) of the 28 patients who presented an Hb level of <80 g/l achieved an Hb response. Similarly, in the IST+UCBI group, among the 25 patients with Hb<80 g/dl, 20 (67.8%) patients achieved an Hb response (Table III) . However, there was no marked difference in the number of days to achieve the Hb response between the IST and IST+UCBI groups (P=0.153; Fig. 1C ).
Days to ANC, platelet count and Hb level responses in VSAA
and SAA patients. In terms of the comparison between VSAA and SAA patients, the number of days required to achieve an ANC response in the SAA patients was significantly lower in comparison the VSAA patients, while more SAA patients achieved an ANC response compared with the VSAA patients (P=0.045; Fig. 2A ). In addition, a similar result was observed in the number of days to achieve a platelet response between the VSAA and SAA patients (P=0.037; Fig. 2B ). Regarding the days required to achieve an Hb response in SAA and VSAA patients, no statistically significant difference was detected (P=0.397; Fig. 2C ).
Analysis of baseline factors affecting the ORR.
To evaluate the factors affecting the ORR, logistic regression was conducted (Table IV) . Univariate logistic regression displayed that, among all baseline factors, IST+UCBI (P=0.032) treatment increased the possibility of patients achieving CR or PR, while patients with VSAA (P=0.006) were less likely to achieve CR or PR. In addition, the platelet count (P=0.085) and Hb level (P=0.036) were also predicting factors of the ORR. All factors with P<0.1 were subsequently analyzed by multivariate logistic regression, which revealed that IST+UCBI (P=0.006) was an independent factor for predicting whether patients would achieve CR or PR (P=0.006). Furthermore, the diagnosis of VSAA independently predicted a worse ORR in patients as compared with SAA (P=0.002). The platelet (P=0.020) and reticulocyte (P=0.033) counts were also independent predicting factors of the ORR, as observed in Table IV .
Survival of patients in the IST and IST+UCBI groups.
The 5-year survival rates in the IST and IST+UCBI groups were 82.9 and 93.9%, respectively. As demonstrated in Fig. 3 , no significant difference in the OS was identified between the IST and IST+UCBI groups (P=0.171).
Subgroup analysis in patients with diversified degrees of HLA match. In order to assess the clinical response and OS in patients with different degrees of HLA match, subgroup analysis was performed. As shown in Fig. 4 , no difference was detected in the CR rates among the three HLA groups (P=0.580), while the CR rates in patients with HLA 6/6, 5/6 and 4/6 were 72.7, 72.7 and 54.5%, respectively. The ORR rates among the three groups were also not significantly different (90.9, 81.8 and 72.7%, respectively; P=0.543; Fig. 4A) . Finally, the OS was similar in patients with diversified degrees of HLA match (P=0.599; Fig. 4B ).
Safety of IST and IST+UCBI treatments.
During or following the treatment, there are several common adverse events, which were recorded in the current study, including fever, rush, ATG-associated serum disease, infection and hemorrhage. As displayed in Table V , no difference of adverse event occurrence between the groups was observed, suggesting that UCBI treatment did not increase the presence of adverse events in the present study.
Discussion
Given the good efficacy observed in clinical practice, IST is currently the most widely used therapy for AA patients due to its ability to inhibit the imbalanced immune responses (27, 28) . In contrast to AA, the prognosis of patients with SAA is poor as a result of high mortality caused by severe infections, particularly invasive fungal infections (29) . IST involves the use of several immunosuppressive drugs, including ATG, CsA and cyclophosphamide (1) . ATG, widely used for the treatment of graft rejection in organ transplantations, is an immune globulin that depletes T cells, thus resulting in the reduction Figure 1 . Number of days required to achieve (A) ANC, (B) platelet count and (C) Hb level response in patients of the IST and IST+UCBI groups. A Kaplan-Meier curve analysis and a log-rank test were performed to evaluate the days required to achieve ANC, platelet and Hb responses between the groups. IST, immunosuppressive therapy; UCBI, umbilical cord blood infusion; ANC, absolute neutrophil count; Hb, hemoglobin. of over activated T cells and their abnormal activities (1, 30) . Similarly, CsA is characterized by its ability to alleviate T cell proliferation and activation, although it presents several toxicities; however, the side effects can be ameliorated by dose readjustment (11) . Accumulating clinical trials have suggested that the combination of ATG and CsA therapy improved the survival of AA patients (31) (32) (33) . However, 20-40% of patients present refractory or relapse following IST (10-13).
In the current study, the ORR of patients treated by a combination of IST and UCBI was 81.8%, which was notably higher when compared with that of patients treated only by IST (57.1%). It was also observed that the rate at which ANC and platelet count responses were achieved in the IST+UCBI group was evidently faster in comparison with that in the IST group. In addition, treatment with IST combined with UCBI was illustrated to be an independent factor able to predict a better ORR in patients, and this advantageous treatment efficacy of the IST+UCBI group may be associated with the UCBI treatment. UCB contains a considerable amount of hematopoietic stem cells (HSCs) and hematopoietic progenitor cells (HPCs), which are the most required hematopoietic cells in AA patients (1, 19) . HSCs and HPCs have the ability to engraft better than bone marrow, contributing to the restoration of blood cells in AA patients (34) (35) (36) . In terms of the pathological process, HSCs and HPCs are attacked by the overactivated Tc1, which results in increased apoptosis and the cell cycle arrest of HSCs and HPCs, and ultimately leads to a decreased proliferation of HSCs and HPCs (37) (38) (39) . Thereby, regulatory T cells (Tregs), naïve T and antigen unexperienced T cells in UCB may serve crucial roles in the immune reconstitution in AA patients (40) . Tregs are a subtype of T cells that are able to inhibit the autoimmune disease by suppressing the activation of the immune system and preventing the pathological immune responses, according to previous findings (41) . AA is an immune disorder in which the hematopoietic system is attacked by over activated T cells, which suggests that Tregs may be involved in the regulation of the immune disorder in patients with AA. CsA used in the IST strategy in the current study, is a type of calcineurin inhibitor, known to inhibit the T-cell differentiation to Treg, indicating that CsA may ameliorate the regulation effect of Tregs in AA patients. Although previous studies have reported that CsA inhibits T cell proliferation and activation, to the best of our knowledge, there is no evidence of CsA inhibiting Tregs in patients with AA. In addition, several previous studies have elucidated that treatment with CsA may increase the number of Tregs in patients with AA and other diseases (42) (43) (44) . Previous studies have indicated good efficacy of CsA in the treatment of patients with AA, which may indicate that if it existed, the inhibition of Tregs by CsA may be limited and does not interfere with the treatment effect (1, (45) (46) (47) . UCB has been proven to have reduced immunogenicity compared with bone marrow, which results in more optimal engrafting in recipients (48) . In several previous studies, UCBI subsequent to or in combination with IST was observed to be of relatively good efficacy (49) (50) (51) . In the study by Xie et al (49) UCBI was used subsequent to intensive IST for the treatment of SAA children, resulting in CR and PR of 50.4 and 26.3%, respectively, after 6 months, which was similar to the present study results. UCBI has also been used in adult SAA patients, combined with high-dose IST, and the total effective treatment rate (CR+PR) of SAA patients was 72%, which was greater compared with that of SAA patients (57.14%) (50) . In addition, another study used a high dose of cyclophosphamide as an IST strategy combined with UCBI for the treatment of SAA patients and revealed that the recovery times of ANC and platelets were only 23 and 37 days after UCBI, respectively, which was markedly reduced compared with the high-dose cyclophosphamide treatment alone (51). These results of previous studies were in accordance with the findings of the current study.
However, the present study did not detect a difference in the survival of SAA and VSAA patients, which may be due to the following factors: i) The sample size of 68 patients was small; ii) although the infusion of UCB restored the blood cells in a relatively short time, the expansion of HSCs and HPCs in the UCB is limited compared with that of bone marrow; iii) one patient received HSCT following therapy due to a poor response, which resulted in the improvement of survival; and iv) the supportive therapy also contributed to the recovery of blood cells and the prevention of infections, thus improving the survival of VSAA patients. Additionally, a safety assessment demonstrated that UCBI did not increase the adverse events in SAA patients compared with those treated with IST alone.
HLA is essential for assessing the likelihood of transplant rejection, a higher degree of HLA match indicates a reduced probability of transplant rejection (52) . In the present study, no difference between clinical response and OS was observed in Figure 4 . Subgroup analysis in patients with diversified degrees of HLA match. (A) No difference was observed in the CR and ORR in patients with different degrees of HLA match, while (B) the OS was also not significantly altered. χ 2 test was performed to evaluate the difference in CR and ORR among the groups. Kaplan-Meier curve was performed to evaluate the OS between groups. Comparisons were analyzed by the log-rank test. HLA, human leukocyte antigen; ORR, overall response rate; CR, complete response. patients with diversified degrees of HLA match. These results may be due to the small sample size, as well as the fact that part of the patients received HSCT or other therapies subsequent to the IST and UCBI treatment, potentially improving their survival to a certain extent.
Various limitations existed in the present study. Firstly, there may be certain compounding factors, including the interval between diagnosis and IST initiation in patients; however, logistic regression was performed to minimize these factors. In addition, the sample size used was relatively small. Furthermore, there may have been crossover between the disease severity of AA and the blood count, as well as Hb level, in the logistic regression analysis, however, since the blood count and Hb were continuous variables, while the disease severity was a classified variable, these parameters were not affected by each other.
In conclusion, patients with SAA treated by combined IST plus UCBI were observed to have favorable treatment responses, the rapid recovery of ANC and platelets, as well as a similar frequency of adverse events when compared with patients treated with combined IST only. The results of the present study indicated that combined IST plus UCBI treatment may be applied as an effective and safe therapy for patients with SAA. Additionally, the present study used a relatively small sample size so further studies should enlarge the sample size to evaluate the efficacy and safety of combined IST plus UCBI in patients with SAA.
